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Abstract. There are many conflicting viewpoints for friction force of MR damper. Readers may 
be lost in facing these conflicting viewpoints. In this study, a novel model of friction force of MR 
damper is proposed. This model tries to reveal the essence and help readers have a better 
understanding of friction force of MR damper. The model indicates that the friction force only 
relates to the current applied to the piston coil. The friction force will increase along with current 
applied to the piston coil. Friction force tests for a MR damper featuring bypass holes in piston 
were made on a MTS852 system. The model was improved to be correct by the experiment. 
Friction forces by calculation with the model and by experiment are in good agreement. It is 
believed that sliding friction and MR phenomenon contribute to the friction force. 
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1. Introduction 
Magneto-rheological (MR) damper is a smart damper which has many excellent properties 
such as continuously variable damping, fast response in milliseconds, high authority at a low 
piston velocity, long term stability, simple electronics, straightforward controls, and so on. MR 
damper has been applied to automobile and construction industries, bridges, aerospace, etc. [1, 2].  
Friction force of MR damper is significant and will generate the discontinuity of damping  
force, will degrade the performance, and will damage the stability, decreases the service life. 
Detailed study on friction force will be necessary and mechanism of friction force generation must 
be explored. However, there are many conflicting viewpoints for friction force of MR damper 
[3-7]. Hu W., Robinson R. and Norman W. [3] believe that the friction force is constant and 
generated from the contact of seal-rod. Andrzej M. et al. [4] and Fernando D. G. [5] indicate that 
the friction force is a function of shear rate. Hu Z. D. and Yan H., et al. [6] studied the wear of 
MR fluid using a modified four-ball tribological tester and found that the MR Fluid showed a 
controlled tribological property. Vardarajan R. I. et al. [7]. developed a unique seal wear test 
method to simulate the wear of sealing in MR damper. Readers may be lost in facing these 
conflicting viewpoints.  
In this study, a novel model was proposed to describe the friction force of MR damper. No 
model for friction force of a MR damper has been found before. This model tries to reveal the 
essence of friction force of MR damper. Friction force tests of a MR damper under different 
excitation current were made on a MTS852 system. The MR damper is a commercial damper 
which is featuring an annular orifice and 3 bypass holes in piston. Results of tests indicate that the 
friction force increases along with current which is applied to piston coil. Friction forces by 
calculation and by experiment are in good agreement.  
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2. Friction model  
When piston moves in cylinder of a MR damper, there is a sliding friction on the 
cylinder-piston surface and rod-seal surface. This sliding friction changes along with the 
roughness and pressure due to the side force acting on rod. We name this sliding friction force as 
the initial sliding friction force 𝑓଴. After current is applied to the piston coil, the piston and cylinder 
will be magnetized. Cylinder and piston attract each other, and the pressure rises on 
cylinder-piston surface. Then the sliding friction force increases. We name the increment of 
sliding friction force as the current-related sliding friction force 𝑓௦(𝐼). Here 𝐼 is the current applied 
to the piston coil. The MR fluid around the piston will also be magnetized and turns into semi-solid 
one according to the MR phenomenon. As a result, the piston needs to overcome the yield stress 
of MR fluid first, and then moves. We name the force balancing the yield stress as the MR 
phenomenon-related friction force 𝑓ெோ(𝐼).  
The total friction force of a MR damper can be given as: 
𝑓 = 𝑓଴ + 𝑓௦(𝐼) + 𝑓ெோ(𝐼). (1) 
As 𝑓଴ only relates with roughness and pressure due to the side force on the contact surface, it 
will remain constant during tests: 
𝑓଴ = 𝑎, (2) 
where 𝑎 equals to the friction force when no current is applied. 
According to the Biot-Savart law and Lorentz force theory, the pressure on the cylinder-piston 
surface is approximately in direct proportion to 𝐼ଶ. Hence: 
𝑓௦(𝐼) = 𝑏𝐼ଶ, (3) 
where 𝑏 is a constant coefficient. The magnitude 𝑏 depends on the roughness of piston-cylinder 
surface and dimensions of piston.  
According to the magnetization curve of MR fluid, and relation between the magnetization 
curve and yield force [8], the MR phenomenon-related friction force can be expressed as: 
𝑓ெோ(𝐼) = 𝑐𝐼ଶ Tanh(𝑑𝐼), (4) 
where 𝑐  and 𝑑  are constant coefficients. Tanh(𝑑𝐼) is a hyperbolic tangent function of 𝐼 . The 
magnitude of 𝑐 and 𝑑 depends on the magnetization curve of MR fluid and also the dimensions of 
piston.  
3. Description of MR damper and test system 
3.1. MR damper 
The tested MR damper which is manufactured by BWI Corporation has 3 bypass holes in the 
piston. When the piston moves in the cylinder of MR damper under no current, the MR fluid goes 
through the annular orifice and bypass holes. When a large current is applied to the piston coil, a 
strong magnetic field only emerges in the annular orifice, and then MR fluid turns into semi-solid 
one and is hard to go through the annular orifice. As no magnetic field emerges in bypass holes, 
the MR fluid is always able to flow in bypass holes [1, 2]. 
3.2. Test system  
The friction force of the MR damper was tested on the MTS852 system. 
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Fig. 1. Experiment system for testing friction force of MR damper featuring three bypass holes:  
1 – data-acquisition system, 2 – PC, 3 – force sensor, 4 – acceleration sensor, 5 – rod, 6 – aluminum shell,  
7 – cylinder of MR damper, 8 – MTS852 actuator, 9 – inner displacement sensor, 10 – MTS852  
experiment system, 11 – rod works as the positive pole of solenoid valve, 12 – copper needle  
in rod works as the negative pole of solenoid valve, 13 – Qiujing QJ3005T current source 
The excitation displacement is ±5 mm. The excitation frequency is 0.05 Hz. Applied currents 
are 0A, 1A, 2A, 3A, 4A, 5A respectively. The room temperature is 23℃. 
Table 1. Excitation condition 
Temperature (℃) Applied currents (A) Displacement (mm) Frequency (Hz) Maximum velocity (mm/s) 
23 0, 1, 2, 3, 4, 5 ±5 0.05 1.57 
4. Results and discussions 
The tested friction force under no current and 5 A current was shown in Fig. 2. The amplitude 
of friction force under 5 A current is much larger than that under no current. It means with 
increasing the current, the friction force increases obviously. This indicates that the friction force 
relates to currents. When there is no current applied to the piston coil, the total friction force is the 
sliding friction force on the seal-rod, piston-cylinder surface. After current is applied to the piston 
coil, the piston and damper cylinder will be magnetized. Thus, the piston and cylinder attract each 
other, and the pressure increases on the contact surface. Then the sliding friction force will 
increase. And as the MR fluid in the gap between the piston and cylinder is magnetized, the MR 
phenomenon takes place. The piston needs to overcome yield stress first and then moves.  
Friction force variation along with the excitation velocity is not observed according to Fig. 2. 
As 𝑏, 𝑐, and 𝑑 are hard to be obtained by experiment and theory, the parameters could be 
identified by the numerical method as shown in Table 2. The calculated friction forces are in good 
agreement with that by experiment as shown in Fig. 3. R-squared one reaches 0.9999.  
Table 2. Parameters for friction model 
𝑎 𝑏 𝑐 𝑑 
85.7 1.5 1.52 0.2 
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Fig. 2. Experiment friction force when  
applied current is 0 A and 5 A 
 
Fig. 3. Friction forces by calculation  
VS by experiment 
5. Conclusions 
 
According to the experiment and analysis above, it should be believed that the friction force is 
nonlinear and enlarges along with the current applied to the piston coil. Friction force variation 
along with excitation velocity is not observed. 
A novel friction model is proposed. Calculated friction forces with this model matches well 
with experiment. The model includes three parts which are the initial sliding friction force, 
current-related sliding friction force, and MR phenomenon-related friction force respectively. The 
pressure increment on the cylinder-piston surface and MR phenomenon in the MR fluid in a gap 
between cylinder and piston are the cause that the friction force enlarges along with the current 
which is applied to the piston coil.  
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